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(54) METHODS FOR HIGHLY SELECTIVELY O-ALKYLATING AMIDE COMPOUNDS WITH THE 
USE OF COPPER SALTS 

(57) Compounds having one or more structures represented by general formula (I) as partial structure thereof 
which are typified by pyrimidone and pyridone compounds, have two or more reaction sites in alkylatlon reactions' 
Accordingly, there is no process for producing O-alkylated products of these compounds at a high selectivity or such 
processes, if any. are applicable exclusively to those having limited structures. A process for selectivity O-alkylating 
such a compound as described above by converting into the copper salt by using a monovalent copper compound 
such as copper suboxide and then reacting it with an alkylating agent having a leaving group in the presence of a phos- 
phorus compound such as a phosphite. Pyrimidyloxy derivatives or pyridyloxy derivatives obtained by this reaction is 
useful as intermediates of pesticides or drugs. 
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Description 

Field of Invention: 

[0001] The present invention relates to methods for selectively 0-alkylating chain or cyclic compounds having 
CONH groups or enol structures thereof in the molecules. Particularty it relates to methods suitable for preparing pyrim- 
idyloxy or pyridyloxy derivatives, which are compounds useful as Intermediates for agrochemicals and medicines, from 
pyrimidone or pyridone derivatives efficiently and highly selectively in high yields. 

Bacl<ground Art 

[0002] It is known that, when a chain or cyclic compound having one or more CONH groups or enol structures 
thereof as partial structures In the molecule is alkylated in a basic condition, N-alkyl compounds are produced in pref- 
erence. Because ot this, to obtain O-alkyI compounds selectively, for example, a carbonyl group was halogenated and 
then a substitution reaction was carried out with a corresponding alcohol in the presence of a base, or in the case of 
urea structure an Isothiourea was synthesized from a con-esponding thiourea and a substitution reaction was carried 
out with a corresponding alcohol, in other words, it was necessary to synthesize a halogenated compound or an iso- 
thiourea. TTiere has been a problem that the above methods have applicable limits depending on substrates used. 
[0003] Meanwhile, pyridyloxy or pyrimidyloxy derivatives are important as intermediates for agrochemrcals. medi- 
cines and the like. For example, a series of compounds relating to them and their production processes are disclosed 
in EP 0472 224. However, when pyridyloxy or pyrimidyloxy derivatives are produced by the alkylation reactions of pyri- 
done or pyrimidone compounds, byproducts unusable as target compounds are produced by N-alkylation reactions. 
Therefore the said processes have not been satisfactory economically. 

[0004] In addition, J. Org. Chem. 32 4040 (1967) and Japanese Patent Laid-open No. Sho 63-216848 describe 
examples of preparing pyridyloxy derivatives and pyrimidyloxy derivatives by alkylation reactions of pyridone or pyrimi- 
done with the use of alkali metal salts or silver salts. They have not been satisfactory as industrial production prtxiesses 
because of a large amount of N-alkylated byproducts produced other than target compounds or use of expensive silver 
salts. 

[0005] In WO 97/01538 processes for the preparation of pyridyloxy derivatives are disclosed, but are limited to 
alkylation reactions of pyridones having a substituent at the position of 6. 

[0006] As described above, in conventional technology, it is necessary to synthesize halogenated compounds or 
isothioureas, and there have been a problem of applicable limits depending on substrates used. Besides satisfactory 
results have not been accomplished, due to unnecessary byproducts produced when pyrimidone or pyridone com- 
pounds used as starting materials are changed to salts, such as alkali metal salts or silver salts, to react with various 
alkylating agents. 

Disclosure of the Invention: 

[0007] This invention is to provide economically advantageous methods that a chain or cyclic compound having 
one or more CONH groups or enol structures thereof as partial structures in the molecule, whose representatives are 
pyrimidone or pyridone compounds, is 0-alkylated highly selectively by a novel method to give a target compound 
selectively in high yield or very efficiently. 

[0008] This invention relates to selective O-alkylatlon methods characterized in that, in an O-alkylation reaction of 
a chain or cyclic compound having one or more structures represented by Fonmula (I) 



as partial structures, with Compound RL having a leaving group (wherein R is optionally substituted 
alkyi, optionally substituted allyl or optionally substituted aralkyi, and L is a leaving group), a monovalent copper salt 
derived from the said chain or cyclic compound is reacted in the presence of a phosphorus compound represented by 
Formula (II) 
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(wherein R'. and R'' ara. each same or different, hydrogen, alky!, ary!, aralky!, alkoxy, aryloxy or ara!ky!oxy). 
[0009] The present invention also relates to methods for selectively O-alkylating pyrimidone, pyridone or triazine 
compounds of which the cyclic compounds having one or more structures represented by Formula (I) as partial struc- 
tures are represented by Formula (III) 



11 
HN^X 



20 (wherein X and Y are each independently CH or N; R"^ is hydrogen, lower alkyl, haloalkyi or lower 

allcoxy; and is hydrogen, lower alkyi or trifluoromethyl). This invention also relates to selective 0-alkylation methods 
characterized in that the compound having a leaving group is represented by Formula (IV) 




(wherein L is a leaving group; R® is lower alkyI; and W and 2 are both hydrogen or become one to 
form =0, =N0CH3 or =CHOCH3), or by Formula (V) 



35 



40 



N 
OR® 



45 (wherein and are. same or different, chain or branched lower alkyI, haloalkyi, cydoalkyl or aralkyi; and L is as 
defined above). The present invention also relates to methods for selectively O-alkylation compounds where Fomnula 
(III) is represented by 




(wherein R® is lower alkyI). 

[0010] The compounds used as starting materials in the present Invention and having one or more structures rep- 
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resented by Formula (1) as partial structures in the molecules, that is, compounds having one or more CONH groups or 
enol structures thereof as partial structures in the molecules, are not particularly restricted if they have structures able 
to form copper salts with monovalent copper compounds such as copper(l) oxide. Concrete examples include com- 
pounds having basic skeletons such as those shown below: 




N-N V N-NH N=N / 




Compounds shown in brackets are tautomers. 

[0011] Particularly pyrimidyloxy compounds, pyridyloxy compounds ortriazinyloxy compounds, which are useful as 
intermediates for agrochemicals or medicines, can be produced if the methods of the present invention are applied to 
pyrimidone, pyridone ortriazine compounds represented by Formula (III) 




(wherein X and Y are each independently CH or N; R"* is hydrogen, lower alkyl, haloalkyi or lower 
alkoxy, and is hydrogen, lower alkyl ortrifluoromethyl),. Concrete examples include compounds shown in the follow- 
ing: 
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[0012] In the present invention, general preparation methods to derive a monovalent copper salt from a chain or 
cyclic compound having one or more structures represented by Formula (I) as partial structures include, for example, a 
dehalogenating alkali-metal reaction of an alkali metal salt, such as lithium and potassium, of the aforementioned 
pyrimidone or pyridone compound with monovalent halogenated copper, such as monovalent copper chloride, or syn- 
thesis by reacting monovalent copper cyanide with the aforementioned pyrimidone or pyridone compound. Synthesis 
by a direct dehydration reaction of the said pyrimidone or pyridone compound with the use of copper{l) oxide (CU2O) is 
however easiest, and gives a monovalent copper salt with high purity Besides, it gives extremely good results to the 
following alkylation reaction. 

[0013] Compound RL having a leaving group, which is used in the reaction with a copper satt in the present inven- 
tion. has Leaving Group L L is preferably halogen or a substituted or unsubstituted arylsulfonic add residue, and is 
more preferably selected from the group consisting of chlorine, bromine, iodine and tosyloxy. R is a group correspond- 
ing to the structure required for a target compound of pyrimidyloxy or pyridyloxy derivative, and is not particularly 
restricted. It represents optionally substituted alkyi, allyl or aralkyi depending on the purpose. Concrete examples 
include methyl, ethyl, isopropyl, allyl and benzyl. Among them, compounds represented by Formulae (IV) and (V) are 
particulariy useful because produced compounds become intemaediates for agrochemicals and medicines when selec- 
tive O-alkylation reactions we earned out using them. Concrete examples of compounds represented by Formulae (IV) 
and (V) include those shown in the following: 
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Is is a p4ohienesidfoQ^ group. 



[0014] Phosphorus compounds used in the present invention, which are added to facilitate reactions and actions to 
improve reaction selectivity, are preferably those substantially inactive to 0-alkylation reactions and with high affinity 
with various reaction reagents used in the present invention, for example, the said monovalent copper salts of pyrimi- 
dyloxy or pyridytoxy compounds. Phosphites have excellent properties in such characteristics and include lower alkyi 
phosphites such as trimethyl phosphite, triethyl phosphite, tri-n-butyl phosphite and others; or partially aryl substituted 
lower alkyi phosphites such as diphenylethyl phosphite and phenyldimethyl phosphite; or triaryl phosphites such as 
triphenyl phosphite; and further alkyi phosphines such as triethylphosphine, tributylphosphine, butyldiphenylphosphine 
and triphenylphosphine; arytphosphines and alkylarylphosphines. Phosphorus compounds to be added in this inven- 
tion are suitably selected from the said organic phosphorus compounds. They are used alone, or two or more of them 
are mixed to use. 

[001 5] Amounts of phosphorus compounds mentioned above are not particularly restricted. An appropriate amount 
is used so that a reaction is carried out smoothly. It can be expected that an addition of 1 mol to 1 mol of a monovalent 
copper salt of alkylating agent preferably facilitates a desired reaction, and further a supplementary addition of up to 
about 1 mol favorably facilitates the reaction. 

[001 6] Solvents preferably used in the present invention include hydrocarbons such as hexane, octane and decane; 
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and aromatic hydrocarbons such as benzene and toluene. TTiese solvents can be also used when monovalent copper 
salts are produced. They are particularly advantageous to implement the methods of the present invention, because, in 
case of the preparation ot copper salts by reactions with monovalent copper oxide, water produced from the reactions 
can be separated in turn to the bottom layer to remove so that monovalent copper salts of these compounds can be 

5 obtained with high purity and water removed without isolating them. In the present invention, in addition to the afore- 
mentioned solvents, ordinary organic solvents can be used, including ketones such as acetone, methyl ethyl ketone and 
methyl t-butyl ketone; ethers such as tetrahydrofuran, dimethyl ether and diethyl ether; esters such as ethyl acetate; 
aprotic polar solvents such as dimethyl sulfoxide and dimethyl furan; and alcohols such as methanol, ethanol and iso- 
propanol. Amounts of solvents used are not particularly restricted. Amounts for canning out reactions as homogeneous 

70 as possible may be used. It is not necessary to use more than required or appropriate. In equal-molar reactions 
amounts of solvents used are approximately 3.5 to 7 liters/Kg to the total weight (Kg) of starting materials added. A 
yardstick for a volume (liter) of solvents used for the reactions in the present invention is about 5 liters/Kg, an intemie- 
diate value of the above. 

15 Best Forms to Implement the Intention: The present invention is further described in detail in reference to Examples 

[0017] comparing with Comparative Examples. This invention is not restricted at all by these examples. used 
in Examples and Comparative Examples is % by weight 

20 Example 1 

[0018] 



25 



30 




35 



Preparation of methyl 2-(2-isopropoxy-6-trifluoromethytpyrlmidin-4-yloxymethyl)phenyl acetate (Compound 1) 

40 [001 9] 22.2g of 2-isopropoxy-6-trifluoromethyl-4-hydroxypyrlmidine and 7.2g of copper(l) oxide were suspended in 
200 ml of decane. The suspension was heated to 140*'C and kept at the same temperature until no water was recog- 
nized to fomn, while formed water was being taken into a quantitative water receiver. 16.6g of triethyl phosphite was 
added, and, 20 minutes later, 19.9g of methyl 2-chIoromethylphenyl acetate was added at an instance. The reaction 
was carried out for 6 hours at 140 - 150**C, and then the resulting solution was left to stand over night at room temper- 

45 ature. An analysis of the reaction solution with high-performance liquid chromatography showed that the production rate 
of the target compound was 99% and a byproduct of methyl 2-(2-isopropoxy-6-trifluoromethylpyrimidin-4-on-3-ylme- 
thyOphenyl acetate was produced less than 1 %. 1 00 ml of water was added to the reaction solution. Deposited crystals 
were separated by filtration. The decane layer was separated and washed with 100 ml of 25% aqueous ammonia sev- 
eral times. The organic layer was washed with water and dried over magnesium sulfate. 

50 [0020] Magnesium sulfate was separated by filtration. The obtained solution was kept at - 20^ to deposit crystals 
to give 18.4g of the target compound as needle crystals. Its melting point was 55.0 - 65.5''C. 

Example 2 

55 [0021] 
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Preparation of methyl 3-methoxy-2-[2-(2-isopropoxy-6-trif1uoromethylpyrimidin-4-yloxymethyl) phenyljacrylate (Com- 
pound 2) 

[0022] 2.22g of 2-isopropoxy-6-trifluoromethy!-4-hydroxypyrimidine and 0.72g of copper(l) oxide were suspended 
in 50 ml of octane. The suspension was refluxed until no water was recognized to fomi, white formed water was being 
tal<en into a quantitative water receiver. 1 .66g of triethyl phosphite was added, and, 30 minutes later, 2.41 g of methyl 3- 
methoxy-2-(2-bromomethylphenyl)acrylate was added at an instance. The reaction was carried out for 20 hours at 
reflux of octane. The solution was cooled down to room temperature. 20 ml of acetone was added to it. Insoluble matter 
was filtrated, and further washed with 10 ml of acetone twice. The mixed solution of the obtained filtrate and washings 
was analyzed with high-performance liquid chromatography. Yields were 66.4% for the target compound, and as for 
byproducts 1.4% for methyl 3-methoxy-2-[2-(2-isopropoxy-6-trifluoromethylpyrimidin-4-on-3-ylmethyl)phenyl]acrylate 
and 1 7.4% for 4-(a-methoxy)met hylen-2H -chromen-3(4H)-one. 

Example 3 

Preparation of methyl 3-methoxy-2-[2-(2-isopropoxy-6-trifluoromethylpyrimidin-4-yloxymethyl)phenyI]acrylate (Com- 
pound 2) 

[0023] 2.22g of 2-isopropoxy-6-trifluoromethyl-4-hydroxypyrimidine and 0,86g of copper(l) oxide were suspended 
in 50 ml of octane. The suspension was refluxed until no water was recognized to fonm, while fomned water was being 
taken into a quantitative water receiver. 1 .86g of triethyl phosphite was added, and, 30 minutes later, 3.65g of methyl 3- 
methoxy-2-(2-bromomethylphenyl)acrylate was added at an instance. The reaction was carried out for 6 hours at reflux 
of octane. The solution was cooled down to room temperature. 20 ml of acetone was added to it Insoluble matter was 
filtrated and washed with 1 0 ml of acetone twice. The mixed solution of the obtained filtrate and washings was analyzed 
with high-performance liquid chromatography. Yields were 82.1% for the target compound, and as for byproducts 3.1% 
for methyl 3-methoxy-2-[2-(2-isopropoxy-6-trifluoromethy!pyrimidin-4-on-3-ylmethyl)phenyl]acrylate and 14.8% for 4- 
(a-methoxy)methy!en-2H-chromen-3(4H)-one. 

Example 4 

Preparation of methyl 3-methoxy-2-[2-(2-isopropoxy-6-trTfiuoromethylpyrimJdin-4-yloxymethyl)phenyl]acryIate (Com- 
pound 2) 

[0024] 2.22g of 2-isopropoxy-6-trifluoromethyl-4-hydroxypyrimidine and 0.86g of copper suboxide were suspended 
in 30 ml of octane. The suspension was refluxed until no water was recognized to fomi, while fomned water was being 
taken into a quantitative water receiver, 1 .86g of triethyl phosphite was added, and, 30 minutes later, 3.65g of methyl 3- 
methoxy-2-{2-bromomethylphenyl)acrylate was added at an instance. The reaction was carried out for 5 hours at reflux 
of octane. The solution was cooled down to lOO^C. Hydrogen sulfide gas was blown Into the solution at a rate of 15-30 
ml/min for an hour. The resultant was stin-ed for 30 minutes. The formed precipitate was filtrated and washed with 9 ml 
of octane. The mixed solution of the obtained filtrate and washing was analyzed with high-performance liquid chroma- 
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tography. The reaction yield was 72%. Octane was concentrated under reduced pressure. To the residue were added 
1 0.3 nnl of ethanol and 3.9 ml of water, and heated to to dissolve. The resulting solution was left to cool over night 
2.8 ml of a mixed solution of ethanolAvater (7/1) was added to it and cooled down to S^C to deposit crystals fully. The 
crystals were filtrated, washed with 1.4 ml of a mixed solution of ethanol/water (7/1) twice to give 2.46g (yield 67%) of 
the target compound with melting point of 1 09 1 1 0**C. 




Exannple 5 



Preparation of methyl 2-(2-lsopropoxy-6-trifluoromethylpyrimidin-4-yloxymethyl)phenyl acetate (Compound 1) 

[0025] 111,1 g of 2-isopropoxy-6-trifluoromethyl-4-hydroxypyrimidine and 47.72g of copper(l) oxide with 97 4% 
purity were suspended in 250 ml of chlorobenzene. The suspension was refluxed until no water was recognized to fomi 
while fomied water was being taken into a quantitative water receiver. The reaction solution was cooled down and 
1 24.94g of Iriisopropyl phosphite was added at 1 00<'C, followed by the addition of 1 09.26g of methyl 2-chloromethy'lphe- 
nyl acetate. The reaction was earned out for 6.5 hours at 120°C and then the solution was cooled down to room tem- 
perature. An analysis of the reaction solution with high-performance liquid chromatography showed that the reaction 
yield of the target compound was 86.6% and 3.5% for a byproduct of methyl 2-(2-isopropoxy-6-trifluoromethylpyrimidin- 
4-on-3-ylmethyl)phenyl acetate. 



Comparative Example 1 



Comparative example of preparation of methyl 3-methoxy-2-[2-{2-isopropoxy-6-trifluoromethylpyrimidin-4-yloxyme- 
thyl)phenyl]acrylate (Compound 2) 

[0026] Into 73,8g of a 23.3% DMF solution of methyl 3-methoxy.2-(2-bromomethylphenyl)acrylate were added in 
turn 6.2g of potassium carbonate. 16.0g of 2-isopropoxy-6-trifluoromethyl-4-hydroxypyrimidine and 60 ml of DMF. The 
suspension was reacted with stin-ing at 80°C for an hour. 

[0027] An analysis of the reaction solution with high-performance liquid chromatography showed that the reaction 
yield of the target compound was 62.4%, and as for byproducts 23.3% for methyl 3-methoxy-2-[2-(2-isopropoxy-6-trif- 
luormethylpyrimidin-4-on-3-ylmethyl)phenyl]acrylate and 5.2% for 4-(a-methoxy)methylen-2H-chromen-3(4H)-one. 
[0028] The reaction solution was cooled down. Insoluble matter was filtrated. Then DMF was removed under 
reduced pressure. About 100 ml of an ethanol/water (7/1) solution was added to the residue and heated to dissolve to 
deposit crystals. 14,6g of the target compound was obtained as granular crystals. 

Comparative Example 2 



Comparative example of preparation of methyl 3-methoxy-2-[2-(2-isopropoxy-6-trifluoromethylpyrimidin-4-yloxyme- 
thyl)phenyl]acrylate (Compound 2) 

[0029] 3.04g of potassium salt of 2-isopropoxy-6-lrifiuoromethyl-4-hydroxypyrimidine and 3.65g of methyl 3-meth- 
oxy-2-(2-bromomethylphenyl)acrylate were suspended in 50 ml of octane. The resulting suspension was reacted at 
reflux of octane for 5 hours and cooled down to room temperature. 30 ml of ethyl acetate was added and insoluble mat- 
ter was filtrated. The precipitate separated by filtration was washed with 20 ml of etyl acetate. A mixed solution of the 
obtained filtrate and washing was analyzed with high-performance liquid chromatography. The yield of the target com- 
pound was 13.3% and 75.0% for a byproduct of methyl 3-methoxy-2-[2-(2-isopropoxy-6-trrfluoromethylpyrimidin-4-on- 
3-ylmethyl)phenyl]acrylate. 



Comparative Example 3 



Comparative example of preparation of methyl 2-(2-isopropoxy-6-trifluoromethylpyrimidin-4-yloxymethyl)phenyI acetate 
(Compound 1) 

[0030] 1.33g of 2-isopropoxy-6-trTfluoromethyl-4-hydroxypyrimidine. 0.53g of potassium carbonate and 0.99g of 
methyl 2^hloromethyIphenyl acetate were suspended In 12.5 ml of DMF The suspension was heated to react at80*»C 
for an hour. The reaction solution was poured into 50 ml of water and extracted with 1 00 ml of ethyl acetate. The organic 
layer was washed with 50 ml of water three times and dried over magnesium sulfate. An analysis of the ethyl-acetate 
solution with high-performance liquid chromatography showed that the production rate of the target compound was 
41% and 59% for a byproduct of methyl 2-(2-isoporpoxy-6-trifluoromethylpyrimidin-4-on-3-ylmethyl)phenyl acetate. 
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Comparative Exampfe 4 

Comparative example of preparation of methyl 3-methoxy-2-[2-(2-isopropoxy-6-trifluoromethyIpyrim]din-4-yloxyme- 
thyl)phenyi]acrytate (Compound 2) 

[0031] 2.22g of 2-isopropoxy-6-trTfluoromethyl-4-hydroxypyrimidine and 0.72g of copper(l) oxide were suspended 
in 30 ml of toluene. The suspension was refiuxed until no water was recognized to form, while formed water was being 
taken into a quantitative water receiver. 3.08g of methyl 3-methoxy-2-(2-bromomethylphenyl)acrylate was added at an 
instance. The reaction was carried out for 5 hours at reflux of toluene. Then the solution was cooled down to room tem- 
perature. Insoluble matter was filtrated and further washed with 20 ml of acetone twice. The mixed solution of the 
obtained filtrate and washings was analyzed with high-performance liquid chromatography. The reaction yield was 
22.3% and as for byproducts 0.7% for methyl 3-methoxy-2-[2-(2-isopropoxy-6-trifluoromethyIpyrim]din-4-on-3-yloxyme- 
thyl)phenyl]acrylate and 77% for 4-(a-methoxy) methylen-2HK;hromen-3(4H)-one. 

Applicability in Industries: 

[0032] Chain or cyclic compounds having one or more CONH groups or enol structures thereof in the molecules, 
which are starting materials of the present invention, such as pyrimidone and pyridone compounds, have oxygen and 
nitrogen atoms as active sites for alkylation reactions. According to the methods of this invention, alkylation reactions 
proceed at the said oxygen-atom sites highly selectively, and products from 0-alkylation reactions are obtained in high 
yields. Therefore, with the preparation methods of the present invention, a wide range of pyrimidyloxy derivatives and 
pyridyloxy derivatives useful as intermediates for agrochemicals and medicines can be produced efficiently in high 
yields with economic advantage. 

Claims 

1. A selective 0-alkylation method characterized in that, in an 0-alkylation reaction of a chain or cyclic compound hav- 
ing one or more structures represented by Formula (I) 




as partial structures, with Compound RL having a leaving group (wherein R is optionally substituted alkyl, optionally 
substituted allyl or optionally substituted aralkyi; and L is a leaving group), a monovalent copper salt derived from 
the said chain or cyclk; compound is reacted in the presence of a phosphorus compound represented l>y Formula 
(II) 

ie 

(Wherein R\ and R^ are, each same or different, hydrogen, alkyl, aryl. aralkyi, alkoxy, aryloxy or aralkyloxy). 

2. A selective 0-aIkylation method according to Claim 1 , in which the cydic compound having one or more structures 
represented by Formula (I) as partial structures is a pyrimidone, pyridone ortriazine compound represented by For- 
mula (111) 
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HN^X 



(Wherein X and Y are each independently CH or N; R"* is hydrogen, lower alkyl. haloalkyi or lower alkoxy; and is 
hydrogen, lower alkyl or trifluoromethyl). 

A selective 0-alkylation nnethod according to Claim 1 or 2, in which the compound having a leaving group is a com- 
pound represented by Formula (IV) 




CO2R® 



(wherein L is a leaving group; R^ Is lower alkyl; and W and Z are both hydrogen or become one to form =0 
=N0CH3, =CH0CH3), or by Formula (V) 




j^XO^R^ 
OR* 

(wherein, and are, same or different, chain or branched lower. all<yl, haloall<yl, cycloallqfl or aralkyi; and L is 
as defined above). 

A selective 0-alkylation method according to Claim 2, in which Formula (III) is 

.OF, 



OR» 



(wherein R ® is lower alkyl). 
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